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When paramecia of complementary mating type are mixed under appropriate
conditions, these animals adhere to one another and shortly form large clumps or

agglutinates. All available evidence (Kimball, 1943 ; Metz, 1948) indicates that this

initial agglutinative mating reaction results from interaction of complementary sub-

stances or at least complementary configurations on the surfaces of the cilia. For
convenience these substances or configurations are called the mating type substances.

Recent studies have shown that interaction of mating type substances may per-
form a far more significant function in fertilization than the obvious one of effecting

the initial union of potential conjugants. Thus, Metz and Foley (1949) using a

mutant stock of Parainechnn anrclia found that only the initial mating reaction

union is essential for induction of meiosis, macronuclear breakdown, loss of mating

reactivity and pseudo selfing pair formation in this species. Since the mating reac-

tion alone was essential for induction of these activation phenomena, it seemed

reasonable to conclude that interaction of mating type substances initiates the ac-

tivation. In view of this, it is of interest to obtain more specific information regard-

ing the physical basis for the mating reaction, in other words to define the mating

type substances in more concrete physico-chemical terms. In an attempt to achieve

this goal an investigation of the chemical nature of the mating type substances has

been undertaken. As one phase of this study several enzymes were tested for

action on the mating activity of paramecium. Paraincciuni calkinsi was selected for

this study because of the ease with which cultures of this species may be obtained

in mating condition. Of the several enzymes tested, only the proteolytic enzymes,

trypsin and chymotrypsin, affected the mating reactivity of the paramecia.

MATERIAL AND METHODS

Enzyme preparations. The following enzyme preparations were tested for

their effects on the mating reactivity of P. calkinsi : crystalline preparations

(Armour) of trypsin, chymotrypsin, lysozyme and ribonuclease ; purified hy-
aluronidase and crude preparations of ptyalin and lecithinase (bee venom, prepared

by the method of Flury, 1920).

Preparation of the paramecia for testing. As pointed out elsewhere (Metz and

Butterfield, 1950), paramecia in mating condition quickly lose their mating reactivity

when fed bacteria. Furthermore, paramecia appear to feed upon concentrated pro-
tein solutions (enzymes, rabbit sera) since they enlarge, become filled with food

vacuoles and sometimes divide in such solutions. To avoid the possibility of such

1 Aided by a grant from the National Institutes of Health. U. S. Public Health Service.
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indirect loss of mating activity from feeding, the paramecia were killed with formalin

or picric acid before treatment with enzyme. Paramecia killed by appropriate treat-

ment with these agents give strong, specific mating reactions. Indeed, such dead

animals can activate living animals of opposite type (Metz, 1948). The reader is

referred to the article of Metz and Butterfield (1950) for the methods of cultnring
and killing the P. calklnsl.

Method oj treatment with enzyme. To test for action on the mating substance,

both the enzyme preparation and the formalin- or picric acid-killed reactive animals

were taken up in an appropriate buffer with pH adjusted near the optimum for

enzyme action. Equal volumes of enzyme solution and paramecium suspension
were then mixed in depression slides or precipitin tubes. After an appropriate
incubation period (1-6 hrs., 20-30 C.) the treated animals were washed free of

enzyme solution with % sea water and tested for mating reactivity with living

reactive type I and II animals. To control for reactivity of the dead animals and

to check for inactivation of the animals by the buffer, equivalent samples of the

same dead paramecia were treated with buffer but without enzyme solution. When
appropriate known enzyme substrates were available, these were employed as

controls for enzyme activity. To accomplish this, samples of the enzyme solution

and a solution of appropriate known substrate in the same buffer were mixed and

incubated in parallel with the treated paramecia. In a few cases the experiment
was set up in such a manner that the enzyme digested an amount of known substrate

equal to or greater than the mass of the enzyme treated paramecia. The mass of the

paramecia was determined roughly by counting the animals present and multiplying

by 0.05, the weight (in micrograms ) of one Paramecium calkinsi. This figure was

obtained from the number (7.5 X 10 r>

) of paramecia in a 37.3 mg. sample of washed,

lyophylized animals. It agrees reasonably well with the figures of Boell and

Woodruff (1941).
As a final control, the supernatant buffer from a sample of the dead paramecia

usually was tested for inhibition of enzyme action. Conceivably substances leaching
from the dead animals could inhibit the enzyme in the test sample. Traces of the

formalin or picric acid used to kill the paramecia would fall into this category. In

all cases where this control -was employed, the enzyme was active in the animal

supernatants.

RESULTS

X/ni-proteolytie enzymes. Crystalline (Armour) preparations of lysozyme and

ribonuclease, purified (1300 turbidity reducing units/mg. ) hyaluronidase and crude

] (reparations of ptyalin and lecithinase (bee venom ) all had no detectable effect upon
the mating reactivity of dead P. calkinsi. The conditions under which each of these

enzymes was tested are given in Table 1.

Proieoly/ic enzymes. In marked contrast to the preparations considered above,

the protcolvtic enzymes tryp^in and chymotrypsin destroyed the mating reactivity

of formalin- or picric acid-killed Paramecinm calkinsi of both mating types. Five-

tenth- per cent crystalline ( Armour ) trypsin and chymotrypsin solutions were made

up in boratc buffer, pi I S. Equal volumes of these en/yme solutions and suspen-
sions of dead paramecia in the >ame buffer were mixed and allowed to stand. At

intervals samples of dead animals were removed from the enzyme solution, washed

in -.-, sea water and toted for mating reactivity with living type I and II test
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animals. A portion of each sample was also stained with iodine solution and
examined under the oil immersion objective for the condition of the cilia. Dead
animals from the same original sample hut treated with buffer only (no enzyme)
served as the standard of comparison both for mating reactivity and condition of

the cilia. The results of a typical experiment with trypsin and chymotrypsin are

given in Table II. It is evident from the data of Table II that the trypsin and

chymotrypsin preparations destroy the mating reactivity of both type I and II

animals.

The striking difference in time for inactivation of formalin-killed as opposed to

picric acid-killed animals is not readily explained. Possibly this difference in in-

TABLE I

Conditions under which non-proteolytic enzymes were tested for action

on formalin- and picric acid-killed Parameciiim calk in si

Enzyme
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the formalin- or picric acid-killed animals to fragile ghosts. However, the enzyme-
m-ated dead animals can lose their ability to give the mating reaction hefore the

cilia show any appreciable action of the enzyme. Cilia of control formalin- or picric

arid-killed paramecia are usually straight and extend in a radial direction from the

body of the animal. After treatment with trypsin or chymotrypsin, however, the

cilia (iodine stained) gradually lose sharpness of outline, become curly and finally

disappear. The picric acid-killed animals of Table II still possessed cilia after a

17 minute treatment with trypsin. However, the cilia of these animals could be

distinguished from those of the controls. The former were classified as "fair to

good" (picric acid-killed type I animals at 17 minutes) or "poor to fair" (picric

acid-killed type II animals ) when compared for sharpness of outline and straightness
with the controls. Likewise, picric acid-killed, chymotrypsin-treated animals re-

tained their cilia for some time following loss of mating activity. Even at 70

minutes these type I animals (Table II) possessed fair to good cilia. The cilia

of some animals were indistinguishable from those of controls. At 165 minutes,

TABLE II

Mating reactivity of trypsin- and chymotrypsin-treated dead Paramecium calkinsi

Enzyme



ENZYMESAND MATING TYPE SUBSTANCES 103

Failure of trypsin digests of reactive paramccia to act on animals of opposite

type. Reactive P. calkinsi type I in four liters of culture were treated with formalin.

The resulting reactive dead animals were washed in saline and pH 8 phosphate
buffer. The final yield of 0.7 ml. of packed dead animals was taken up in one ml. of

the buffer. Five-tenths ml. of this sample was mixed with an equal volume of

0.5 per cent trypsin in the same buffer. The remaining 0.5 ml. of suspension

(control) was treated with buffer alone. The two suspensions were incubated at

32 C. for 5 hours. At the termination of this digestion period the enzyme-treated
animals were reduced to fragile ghosts which gave no mating reactions. Animals of

the control sample (treated with buffer alone) appeared to be in a good state of

preservation and gave good mating reactions. The unreactive ghosts were now

centrifuged from the trypsin-treated suspension and 0.25 ml. of one per cent trypsin
inhibitor (ovomucoid prepared as described by Lineweaver and Murray, 1947) was

added to prevent action of the enzyme on test animals. This trypsin inhibitor-

treated, trypsin digest of formalin-killed P. calkinsi type I was tested for its ability

selectively to destroy mating reactivity of type II animals. Eight drop samples of

the digest were mixed with three drop samples from suspensions of diluted, freshly

prepared, picric acid-killed reactive type I and II animals. One hour later these

dead animals were washed in saline and tested for mating reactivity. The digest-

treated type I and II animals both gave mating reactions of intensity equal to that of

buffer-treated controls. Evidently, then, the trypsin digest of reactive type I

animals has no mating reaction inhibiting properties.

DISCUSSION

None of the several non-proteolytic enzymes employed had any detectable effect

upon the mating reactivity of the paramecia. Assuming that these experiments
were critical, this result indicates that the natural substrates of these enzymes are

not essential constituents of the mating type substances of P. calkinsi. Elimination

of these classes of substances as possibilities is not without interest since certain of

them are known to be present in intercellular cement (hyaluronic acid) or cell

membranes and cell surfaces (bacterial mucopolysaccharides hydrolyzed by

lysozyme, Meyer and Hahnel, 1946 ; ribonucleic acid in Arbacia egg surface, Lansing
and Rosenthal, 1949; lipoprotein attacked by lecithinase in erythrocyte and sea

urchin egg membranes, Runnstrom, Tiselius and Lindvall, 1945).
As suggested elsewhere in this article the inactivating action of trypsin and

chymotrypsin can be interpreted either as a direct effect upon the essential groups
of the mating substance or an indirect action upon neighboring protein. Since

no mating substance activity could be demonstrated either from the animals or the

supernatant fluid following treatment with these enzymes, it appears that some

essential molecular structure was destroyed. This suggests that the essential

groups are protein or that they are intimately associated with protein. Insofar as

the presence of immunizing antigens indicates protein, the immunological studies

of Metz and Fusco (1948) support this view. It is of interest in this connection

that the latter study indicates that the mating substance is associated with antigenic

material but that the essential groups are not themselves antigenic.

Unfortunately, no more positive statement regarding the chemical nature of

the mating substance seems warranted on the basis of the information presented here.



104 CHAKLKSB. METZ AND WINIFRED Bl'TTERFIELD

If mating substance activity is dependent upon protein integrity, as seems to be the

case, then the protein material must be of rather unusual character. Its activity is

not destroyed by fairly harsh treatment with certain strong protein-denaturing agents

such as formalin, picric acid and mercuric chloride. Furthermore, the rate of in-

activation of mating substance by trypsin and chymotrypsin may depend upon

previous treatment (i.e., formalin vs. picric acid). If true, this would also be

an unusual situation since any substance or group of substances with as complex
and highly specific action as these would be expected to show some differences in

activity to correspond with differences in susceptibility to enzymes. Unfortunately

no satisfactory method has been devised to assay mating substance activity. There-

fore serious quantitative studies of the reactivity of formalin- as opposed to picric

acid-killed animals, both before and after enzyme treatment, must await development
of an appropriate technique. In view of these considerations, the possibility that the

mating type substances of P. calkinsi are proteins is accepted as a working hypothesis

with the customary reservations.

Aside from the question of the chemical nature of the mating type substances,

the mating substance inactivating action of proteolytic enzymes is of interest in

connection with the inhibiting action of certain paramecium extracts. Metz and

Butterfield (1950) have shown that homogenates of P. calkinsi contain a heat-labile,

non-type specific mating substance inhibiting agent. It was suggested that this agent

might be an enzyme. Considering the present findings it seems possible that the

agent in question is a proteolytic enzyme. Such an enzyme need not bear any

physiological relation to the mating substances. Indeed, it may well be a proteolytic

enzyme which is released into the food vacuoles in the living animals and which under

normal conditions participates in the digestion of the contents of these vacuoles (see

Mast, 1947). Upon homogenizing the paramecia, such an enzyme could be released

into the extraction fluid and under the conditions of the experiments would be

expected to inactivate the mating substances of the test animals.

SUMMARY

1. In an attempt to characterize the mating type substances of Paramecium

calkinsi, several enzymes were tested for ability to destroy the reactivity of formalin-

or picric acid-killed animals.

2. The following non-proteolytic enzymes had no detectable effect upon the

mating reactivity of P. calkinsi: Lecithinase (bee venom), hyaluronidase, lysozyme,

ptyalin, ribonuclease. Insofar as these experiments were critical, it is concluded

that the natural substrates for these enzymes are not essential constituents of the

mating type substance of P. calkinsi.

3. Crystalline preparations of the proteolytic enzymes trypsin and chymotrypsin

destroyed the mating reactivity of both type I and type II animals. Mating substance

activity was not found in the digest of enzyme-treated paramecium.
4. On the basis of these findings it is concluded that mating reactivity is de-

pendent upon protein integrity. Possibilities regarding the nature of this depend-
ence are discussed.
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